This study aimed to evaluate the relationship between HSV-2 infection and several socio-demographic and sexual practices of Mexican and Central American female sex workers (FSWs) in the Soconusco region in the State of Chiapas, Mexico. A cross-sectional study was carried out based on a sample frame of bars where FSWs were active in the Soconusco region. FSWs consented to investigations and answered a questionnaire and provided a blood sample for specific HSV-2 antibody analysis.
INTRODUCTION
Ever since the identification of specific antibodies against herpes simplex virus type 2 (HSV-2) by the Western blot technique, using the gG2 glycoprotein as antigen [1] , several studies have been carried out to evaluate risk factors such as sexual practices and socio-demographic characteristics in different populations [2] [3] [4] . Such has been the epidemiological value of this laboratory tool that some authors have considered the presence of antibodies against HSV-2 as a serological marker of sexual life style in populations [5] , and also to study the sero-epidemiological and sero-sociological patterns of HSV-2 infection in the world [6] . In Mexico female sex workers (FSWs) have been shown to have the highest frequencies of HSV-2 infection in the population [7, 8] . These results suggest that in Mexico the presence of antibodies against HSV-2 can be used as a marker of sexual practices in the population as well as to evaluate those factors relating to exposure to the infection [7] . Nevertheless, HSV-2 serology has not been utilized yet in Mexico to evaluate demographic characteristics of FSWs such as origin country or mobility between different commercial sex establishments, especially in those geographical regions where the international migratory flows are important, as in the Soconusco region, in the state of Chiapas. During the last 20 years, demographic movement of women has acquired relevance, specially among women who provide commercial sex in the Soconusco [9] . Such has been the importance of this phenomenon that 93 % of the women who have provided commercial sex in Suchiate, one of the Soconusco's municipalities that borders with Guatemala, were of Central American origin [10] . As a result, we were interested in utilizing the HSV-2 infection marker to evaluate some indicators of FSWs demographic mobility in addition to sexual practices.
METHODS

Study population
A cross-sectional study approved by the Ethics Committee of the National Institute of Public Health of Mexico was conducted during August 1998 to estimate the prevalence of HIV and other sexually transmitted infections (STI), and to evaluate the population mobility of FSWs in the Soconusco region in the state of Chiapas, Mexico [11] . Briefly, a sampling framework was carried out by interviewing key informants to identify those places where FSWs worked in the municipalities of the Soconusco. As a result, we found that female commercial sex activity was concentrated among 8 of 16 municipalities in the Soconusco. We identified 237 bars and estimated the presence of about 1153 FSWs in March 1998. During August 1998, 484 FSWs from 116 bars were interviewed at the local clinics in the referant municipalities.
Questionnaire and analysis of results
Following informed consent, the participants answered a questionnaire to evaluate socio-demographic characteristics such as age, education, parity and country of origin. Secondly, we studied previous and current experience of commercial sex as an indicator of demographic mobility and risk for STI. Finally, some indicators of risky sexual practices were evaluated : age at first intercourse, time working as a commercial sex worker and the number of clients per week. We also considered condom use during the last sex relationship as a risk factor for STI.
The risk of HSV-2 infection was estimated by using the prevalence odds ratio (POR) and its corresponding confidence intervals according to sociodemographic characteristics and sexual practices of FSWs. Likewise, one-way analysis of variance was performed with age as a dependent variable and country of origin as an independent one. We performed a single and multi-variable analyses using logistic regression for both. The purpose of multivariable analysis, by logistic regression, was to evaluate the independent relationship of demographic characteristics, previous experience in commercial sex and sexual practices. All those mentioned analyses were done with SPSS (Statistical Package for Social Sciences, version 10 for Windows, Chicago, IL).
HSV-2 antibody test
The 468 participants who consented provided blood samples which were tested for HSV-2 antibodies by Western blotting, using a recombinant gG2 glycoprotein as antigen [8] .
RESULTS
We found that 75% of the women who worked in commercial sex, among the different municipalities of the Soconusco, had Central American origin : 40 . 8, 16 . 0, 18 . 2 and 23 . 3 were born in Guatemala, El Salvador, Honduras and Mexico, respectively. Eight participants (1 . 7 %) were from other countries. Even though the overall prevalence of antibodies against HSV-2 was 85 . 7%, it varied according to the women's countries of origin, thus women from Honduras had the lowest frequency (70 . 6%) and those from El Salvador had the highest (90 . 7 %) ( Table 1 ).
All the variables that reflect periods of exposure to the HSV-2 infection such as age, parity, starting age in commercial sex and time working in commercial sex, had a significant impact on the risk of HSV-2 infection ( Table 1) . As a result of the one way analysis of variance, we found that only the women's mean age was statistically different between countries of origin (P=0 . 002). According to the Scheffe test, Honduran women's mean age was significantly lower than that for Guatemalan, Salvadoran and Mexican women (23 . 09 years vs. 26 . 26, 26 . 07 and 25 . 82 years, respectively).
Most of the women studied had a low educational level ; more than half (54 . 8 %) were illiterate or had incomplete elementary school education. These women had the highest HSV-2 antibodies prevalence (87 . 5%). This result is much higher than that for women with high school and college education (67 . 8%) who represent only 6% of the total women studied ( Table 1) .
Of all the women studied, 48 . 3% had at least one previous experience of commercial sex in the Soconusco. These women had two times higher prevalence of HSV-2 infection than those without such previous experience (Table 1) . A history of condom use during the last sex intercourse tended to correlate with a lower prevalence of HSV-2 infection but the difference between those women that used it and those that did not, was not significant. History of an increased number of clients during the last week was associated with a higher prevalence of HSV-2 infection, particularly among those women who had sex with more than five clients. As a result of multi-variable analysis by logistic regression, we found an independent association between HSV-2 infection and education, parity, country of origin and time working in commercial sex. Women with the highest education level (POR=0 . 3, 95 % CI 0 . 1-0 . 8) and those from Honduras (POR=0 . 2, 95 % CI 0 . 1-0 . 6) had a significantly lower risk of HSV-2 infection compared with the group with the lowest education level and Salvadorans, respectively. Women's parity and time working in commercial sex were associated with HSV-2 infection regardless of the number of babies delivered or years of work. Thus, FSWs who had 1 delivery as compared to 3 or more deliveries showed no statistical difference for risk of HVS-2 infection, as well as, FSWs with 1-3 years working in commercial sex when compared to those with a longer working time in commercial sex ( Table 1 ).
The information contained in Table 2 shows a high variability of HSV-2 infection prevalences among different women's populations in the Americas. The overall prevalence found in our study is the highest ever reported in the continent.
DISCUSSION
Women in this study showed a high prevalence of HSV-2 antibodies (85 . 7%), which is higher than the results from two previous surveys conducted in Mexican FSWs (60 . 8 and 65 . 1 %) [7, 8] . Other studies have documented high prevalences of antibodies against HSV-2 in FSWs in the United States, 78 . 6%; Japan, 78 . 6% ; Senegal, 95 . 7 % [6] ; Eritrea, 80% [12] ; Japan, 80% [13] ; Peru, 82 % [14] .
HSV-2 antibody prevalence among the FSWs in the Soconusco region, is the highest reported in the Americas. The differences for the results shown in Table 2 may be explained in part because of the different laboratory tests used, in addition to different sampling methods to select the populations under study. Most studies with FSWs have shown the highest frequencies of HSV-2 infection among women (higher than 60 %) [6-8, 14, 15, 17 ]. Austin's study [16] , based on women attending an STD clinic, reported an HSV-2 antibody prevalence of 64 % where African-American women had the highest frequency. Other authors have also reported that African-American women have higher prevalences of HSV-2 infection compared to white women [3, 29] , including pregnant women [6] . Other studies in South and Central America, have reported high prevalences of antibodies against HSV-2 in different women's populations (non FSWs), that ranged from 36-59 . 7% in Brazil, Colombia and Costa Rica [2, 4, [18] [19] [20] [21] [22] . These frequencies are higher than that reported in non-FSWs women from Mexico City (29 . 8 %) [26] .
The high prevalence of antibodies against HSV-2 found in the FSWs studied in the Soconusco region, could be explained by several epidemiological characteristics such as education level, parity, country of origin and time working in commercial sex, which were significantly associated with the prevalence of HSV-2. While 54 . 8 and 31 . 2 % of the women had low and middle levels of education respectively and had similar prevalences of HSV-2 infection, by contrast only 6 % of all women had a high educational level and a significantly lower frequency of HSV-2 infection.
Honduran women had the lowest prevalence of HSV-2 antibodies compared with Mexican, Salvadoran and Guatemalan women. This result could be due to the youngest age average of Honduran with respect to those women already mentioned but could also indicate that the frequency of HSV-2 infection is lower in Honduras with respect to that in other countries.
The sexual activity of the women in this study did not correlate with the prevalence of HSV-2 infection among the women studied, using as indicator the number of clients during the last week of work. This result is consistent with a previous findings that when the prevalence of HSV-2 antibody in the women surveyed is so high (85 . 7 %), the evaluation of the number of sexual partners, in a relatively short and recent period, did not discriminate the overall infection, since most women could be seropositive at the moment of the study [7] . By contrast, women's characteristics related with periods of exposure, such as parity and time working in commercial sex, were highly associated with HSV-2 infection. Unexpectedly, other characteristics that represent periods of exposure such as age and starting age in commercial sex had no independent association with HSV-2 infection.
The condom usage would be expected to show a protective effect against HSV-2 infection. A protective effect of condom use was found (POR=0 . 6), although the difference between women that used * Test notations : WB G2, Western blot using HSV-2 purified or recombinant G2 protein ; RIA, Radioimmunoassay previous adsorption of cross-reactive antibodies ; EIA G2, Enzyme immunoassay using G2 protein ; EIA+WB G2, Enzyme immunoassay plus Western blot G2 to the positive results ; EIA G2+WB, Enzyme immunoassay using G2 protein plus Western blot to the positive results ; RIBA, Strip-recombinant immunoblot ; WB, Western blot using whole HSV-2 lisate ; ID G2, Immunoblot using G2 protein ; EIA+WB, Enzyme immunoassay plus Western blot using whole HSV-2 lisate ; EIA gC2, Enzyme immunoassay using specific antigens (gC2) for HSV-2 ; MN, Microneutralization. # NA, Not available. a condom during the last sex relationship and those who did not, was not significant (95 % CI 0 . 3-1 . 4). Similarly, other authors have not been able to observe the protective effect of condom use against HSV-2 infection among FSWs [6, 7, 16] , indicating the limits of cross-sectional designs to evaluate the benefit of condom use in these populations. The high seroprevalence of HSV-2 infection found in the FSWs surveyed has great importance in public health terms in the study region because FSWs could be a significant source of infection for the local heterosexual population. Also, high rates of HSV-2 infection may be important in enhancing HIV transmission [30] .
